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Abstract 

Studies have suggested an increase in maternal morbidity and mortality due to cardiovascular diseases in women with a 
prior low-birth-weight (LBW, <2,500 grams) delivery. This study evaluated blood pressure and hypertension in women who 
reported a prior preterm or small-for-gestational-age (SGA) LBW delivery in the National Health and Nutrition Examination 
Survey 1999-2006 (n = 6,307). This study also aimed to explore if race/ethnicity, menopause status, and years since last 
pregnancy modified the above associations. A total of 3,239 white, 1,350 black, and 1,718 Hispanics were assessed. Linear 
regression models were used to evaluate blood pressure by birth characteristics (preterm-LBW, SGA-LBW, and birthweight 
>2,500). Logistic regression models estimated the odds ratios (OR) of hypertension among women who reported a 
preterm-LBW or SGA-LBW delivery compared with women who reported an infant with birthweight >2,500 at delivery. 
Overall, there was a positive association between a preterm-LBW delivery and hypertension (adjusted OR =1.39, 95% 
confidence interval (CI) 1.02-1.90). Prior SGA-LBW also increased the odds of hypertension, but the estimate did not reach 
statistical significance (adjusted OR = 1.21, 95% CI 0.76-1.92). Race/ethnicity modified the above associations. Only black 
women had increased risk of hypertension following SGA-LBW delivery (adjusted OR = 2.09, 95% CI 1.12-3.90). Black women 
were at marginally increased risk of hypertension after delivery of a preterm-LBW (adjusted OR = 1.49, 95% CI 0.93-2.38). 
Whites and Hispanics had increased, but not statistically significant, risk of hypertension after a preterm-LBW (whites: 
adjusted OR = 1.39, 95% CI 0.92-2.10; Hispanics: adjusted OR = 1.22, 95% CI 0.62-2.38). Stratified analysis indicated that the 
associations were stronger among women who were premenopausal and whose last pregnancy were more recent. The 
current study suggests that in a representative United States population, women with a history of preterm- or SGA-LBW 
deliveries have increased odds of hypertension and this risk appears to be higher for black women and younger women. 



•0-PLOS I o-^E 



Citation: Xu J, Barinas-Mitchell E, Kuller LH, Youk AO, Catov JM (2014) Maternal Hypertension after a Low-Birth-Weight Delivery Differs by Race/Ethnicity: 
Evidence from the National Health and Nutrition Examination Survey (NHANES) 1999-2006. PLoS ONE 9(8): el04149. doi:10.1371/journal.pone.0104149 

Editor: Yiru Guo, University of Louisville, United States of America 

Received October 25, 2013; Accepted July 10, 2014; Published August 5, 2014 

Copyright: © 2014 Xu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Funding: This work is supported by The National Institutes of Health's National Institute of Child Health and Human Development Building Interdisciplinary 
Research Careers in Women's Health (BIRCWH) Award Grant 5K12 HD43441-09, and Women and Infant Study of Healthy Hearts (WISH) Fetal Growth Restriction 
and Maternal Cardiovascular Risk Grant RO1HL76532-01A1. The funders had no role in study design, data collection and analysis, decision to publish, or 
preparation of the manuscript. 

Competing interests: The authors have declared that no competing interests exist. 
* Email: catovjm@mail.magee.edu 



Introduction 

Women who have delivered a low-birth-weight (LBW) infant 
(birth weight less than 2,500 grams) are at increased risk for 
subsequent incidence and mortality from cardiovascular diseases 
(CVD) [1-4]. LBW occurred in 8.1% of the live births in the 
United States in 2011 [,5]. About two-thirds of LBW infants are 
born preterm (PTB, delivery of an infant before 37 completed 
weeks of gestation), and the other LBW infants are considered to 
be small-for-gestational-age (SGA, most commonly defined as a 
fetal weight or birth weight below the 10* percentile at a 
particular gestational week) [6]. PTB and SGA, the two 
antecedents of LBW [7], have distinct etiologies [8-10]. PTB 
complicates 6% to 12% of deliveries in developed countries [11]. 
PTB is often categorized based on clinical circumstances. 



Spontaneous PTB accounts for approximately two-thirds of all 
singleton PTBs. Infection and/ or inflammation are well-estab- 
lished causal pathways for spontaneous PTB, especially early PTB 
[12,13]. Medically indicated PTB, which accounts for the other 
one-third of PTBs, has a dominandy vascular etiology [14]. SGA, 
which accounts for approximately 5 % to 7 % of deliveries, is also 
primarily a vascular-related disorder [10,15]. 

A recent study with the National Health and Nutrition 
Examination Survey (NHANES) 1999-2006 data suggested that 
giving birth to a SGA infant is strongly and independentiy 
associated with maternal ischemic heart disease [16]. Increasing 
evidence indicates that PTB or SGA delivery and later maternal 
CVD risk share some common features such as vascular 
endothelial dysfunction, metabolic syndrome, hypertension, and 
dyslipidemia [17,18]. 
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Hypertension is a major cardiovascular risk factor, contributing 
to approximately half of all CVD-related deaths [19]. Pregnancy 
has been viewed as a cardiovascular "stress test" for women [1 1]. 
A registry-based study indicated that women with a prior PTE had 
higher risk of hypertension after excluding preeclampsia cases 
[18]. Recendy, a cohort study of 679 women suggested that 
women with a prior PTE had higher blood pressure eight years 
after the delivery [17]. In addition, hypertension before or during 
pregnancy increases the risk of preterm or SGA birth [20,21]. 
Taken together, the evidence supports the existence of common 
pr('disp()sing risk factors for both LEW and h)'pertension. The pre- 
pregnancy subclinical and clinical vascular aberrations that 
contribute to LEW may persist after pregnancy and increase the 
mother's CVD risk in their later life. 

Previous studies relating LEW to maternal risk of elevated blood 
pressure later in life were conducted in predominantly white 
women [17,18]. Therefore, those studies were not able to 
investigate the race/ethnicity-specific associations. Racial/ethnic 
differences in PTE, SGA, and hypertension persist despite 
substantial clinical and public health efforts [22,23]. Hypertension 
is particularly prevalent and poorly controlled in blacks compared 
with whites [23,24]. The prevalence of hypertension in Hispanic 
populations is similar to white populations; however, blood 
pressure control in Hispanics is not as successful as in whites 
[23]. It is also well acknowledged that black women experience 
much higher rates of PTE, SGA, and LEW than any other ethnic 
group in the United States [6]. Hispanic women have slightly 
higher PTE rates and similar LEW rates txjmpared to white 
women [7,25]. However, to date, the interrelationship among 
race/ethnicity, LEW delivery, and subsequent maternal blood 
pressure has not been evaluated. 

This study sought to examine the independent associations 
between the two antecedents of LEW (PTE and SGA) and 
subsequent maternal blood pressure and hypertension in a 
representative United States population. This study also investi- 
gated whether the associations between PTE or SGA and 
subsequent maternal blood pressure and hypertension vary by 
race/ethnicity. Moreover, to explore the extent to which 
hypertension risks associated with pregnancy complications 
change over time, this study also stratified the population by 
menopausal status and time since last pregnancy. The hypothesis 
is that women with a prior PTE or SGA delivery will have 
increased odds of hypertension, and this wiU be more pronounced 
in black compared to white women. 

Materials and Methods 

Data source and study population 

This study used data from the NHANES (http:/ /www.cdc.gov/ 
nchs/nhanes.htm) 1999-2006. NHANES are pubhc use data files 
without identifiers, released by the National Center for Health 
Statistics. They are exempt from Institutional Review Board 
review under category 4 from 45 Code of Federal Regulations Part 
46. NHANES is an ongoing survey on health and nutritional status 
designed to be nationally representative of the non-institutional- 
ized. United States population [26]. Since 1999, NHANES has 
conducted a continuous annual survey using a stratified multi- 
stage probability design to obtain nationally representative 
samples, with an oversample of low-income individuals, individ- 
uals between 12 and 19 years of age, adults over the age of 60 
years, blacks, and Mexican Americans. NHANES data are 
collected in two phases. First, the participants' health history, 
health behaviors, and risk factors are obtained during a home 
interview. Participants are then invited to take part in a medical 



examination where they receive a detailed physical and laboratory 
examination. 

Of tiie 21,210 female participants enroUed in NHANES 1999- 
2006, women who were younger than 20 years of age (n= 10,509, 
50%), women who were pregnant at interview (n= 1,173, 6%), 
women who did not complete the interview and examination 
(n = 662, 3%), women who did not report previous live birth 
delivery (n = 2,308, 11%), and women who reported race/ 
ethnicity other than white, black or Hispanic (n = 209, 1 %), were 
excluded in consecutive steps. Women who did not answer the 
pregnancy history questions were also excluded (n = 42, 0.2%) as 
these questions were used to construct the main exposure variable 
(see below). Thus, a total of 6,307 (30%) women were included in 
the analysis. Among these women, 3,239 (51%) women were non- 
Hispanic white (white), 1,350 (22%) women were non-Hispanic 
black (black), and 1,718 (27%) women were Mexican American 
and other Hispanic (Hispanic). (Figure 1). 

Study variables 

Outcomes-blood pressure and chronic 

hypertension. The primary outcomes of interest were blood 
pressure (systolic, SEP and diastolic, DEP) and chronic hyperten- 
sion. NHANES measured up to four blood pressures (EP), and the 

averages of these were calculated. Chronic hypertension was 
defined as self-report use of anti-hypertensive medication, or 
SEP>140mm Hg or DEP>90 mm Hg at the NHANES 
interview. 

Exposure-birth characteristics. The exposure variable of 
interest was created to represent participants' response to two 
reproductive history questions. The participants were first asked 
"Did any child weigh less than 5.5 pounds (2,500 grams) at birth?" 
Women who answered yes to this LEW question were asked "How 
many of these babies were born preterm?" A three-level, mutually 
exclusive categorical variable (preterm-LEW, term-LEW, and 
birth weight of £2,500 grams) was created from these two 
questions to represent the birth characteristics. According to 
Hadlock's study, infants born at term and with EW <2,500 
gTams(g) were below the 10th percentile in the United States [27]. 
SGA is typically defined as birth weight (EW) below the 10th 
percentile for gestational age. Therefore, the term-LEW group was 
referred to as SGA-LEW group in this study. Among 565 women 
in the preterm-LEW group, 106 (18.8'/o) had more than one 
preterm delivery, which were too few to be evaluatc-d sc-parately. 

Covariates. Demographic, health-related, and reproductive 
characteristics were considered as potential confounding variables. 
Demographic variables included age (in years), education (less 
than high school graduate, high school graduate or above), and 
inc:ome (less than $20,000, S2(),()0()-$45,000, more than $45,000). 
Health-related characteristics included insurance (having insur- 
ance/none), body mass index (EMI, the weight in kilograms 
divided by the square of the height in meters), waist circumference 
(cm), current tobacco use (yes, no), current alcohol use (yes, no), 
fiber in diet (gram/ day), sodium intake (mg/ day), physical 
inactivity (yes, no), family history of ischemic heart disease (yes, 
no), family history of diabetes (yes, no), family history of 
hypertension/ stroke (yes, no), diabetes status (fasting blood glucose 
Si 26 mg/dl and/or current use of insulin or diabetes medica- 
tions), and anti-hypertensive medication use (only for analysis with 
blood pressure as outcome). Reproductive characteristics included 
the number of live births, years since last pregnancy, and 
menopause status. Women were considered to be post- menopause 
if they answered "menopause" to the question "What is the reason 
that you have not had a period in the past 12 months?". 
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All NHANES 1999-2006 female participants (n=21,210) 



Did not meet inclusion criteria 
(n=14,861) 

•Younger than 20-yrs old 
-H (n=1 0,509) 

•Pregnant at interview (n=1 ,173) 
•Did not complete interview and 
exam (n=662) 
•No previous delivery of live 
births (n=2,308) 
•Other race group (n=209) 



Target sample: Interview and exam women aged 20 and 
above, not pregnant at interview, and have at least 1 
live birth (n=6,349) 



Excluded due to missing 
variables (n=42) 

•Missing low birth weight delivery 
and/or preterm delivery (n=42) 



Final study sample: participants with necessary data 
available to estimate risk (n=6,307) 



Figure 1. Participant flowchart. From the population of 21,210 female participants in the NHANES 1999-2006, women who were younger than 
20-year old (n = 10,509), pregnant at the interview (n = 1,173), did not complete interview and exam (n = 662), did not report previous live birth 
delivery (n = 2,308), or were in other race group (n = 209) were excluded. This led to a target population of 6,349 women. Women who did not answer 
the pregnancy history questions were excluded from the target population (n = 42). Therefore, a total of 6,307 women were included in the analysis. 
doi:1 0.1 371/journal.pone.01 041 49.g001 



Statistical analysis 

This study combined the NHANES 1999-2006 data, therefore 
8-year interview/medical exam sampling weight variables were 
created and incorporated into the analysis to account for the 
NHANES sampling schemes. For continuous maternal character- 
istics, the race/ethnicity-specific differences in means between 
PTB-LBW, SGA-LBW, and BW>2,500 g groups were evaluated 
using univariate weighted linear regression. For categorical 
variables, the differences in proportions were evaluated with 
Rao-Scxjtt Chi-Square test [28]. Maternal characteristics that were 
significantly difiFerent among three birth characteristics groups 



were considered as potential confounders in the multivariable 
analysis. To estimate the age-adjusted prevalence of hypertension 
according to race /ethnicity, the population was standardized to 
the 2000 United States Census population with three age groups: 
20-39, 40-59, and 60 and above, as recommended by National 
Center for Health Statistics [29]. 

Linear regression models were used to evaluate SBP and DBF 
according to LEW history, with adjustment for age at interview, 
race, education, insurance, cigarette smoking, waist circumference, 
fiber intake, sodium intake, the number of live births, years since 
last pregnancy, menopause status, family history of heart attack 
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and diabetes, and anti-hypertensive medication use. Effect 
modification on the additive scale by race/ethnicity, menopausal 
status, and years since last pregnancy were assessed in the fuU 
model with potential confounders. T-tests were used to test the 
significance of regression coefficient of the interaction terms. If 
statistically significant interactions were found, stratified analyses 
were then performed. Sensitivity analyses were conducted among 
the women who were not taking anti-hypertensive medication at 
NHANES interview. 

Logistic regression models were then developed to estimate the 
odds ratio (OR) of hypertension among women with a prior 
Preterm-LBW or SGA-LBW delivery, compared with women with 
a BW&2,500 g delivery. Effect modification on the multiplicative 
scale by race /ethnicity, menopausal status, and years since last 
pregnancy was assessed using likelihood ratio tests (ot = 0.05) in the 
fuU model adjusted for potential confounders. If statistically 
significant interactions were found, stratified analyses were then 
performed. In the multivariable analyses, potential confounders 
were the same covariates as above except anti-hypertensive 
medication use as this was included in the construction of the 
outcome. 

An important unmeasured covariate in the dataset was pre- 
pregnancy BMI. Pre-pregnancy underweight is associated with 
LBW, and pre-pregnancy obesity is a risk factor for preeclampsia 
which is associated with maternal hypertension. In the absence of 
pre-pregnancy BMI data, models were additionally adjusted for 
BMI at age 25 as a proxy for this potential confounder. AU p- 
values were two-sided and were considered statistically significant 
if less than 0.05. Statistical analyses were done using SAS 9.3 (SAS 
Institute Inc., Gary, NC). 

Results 

Table 1 displays the race/ ethnicity-specific maternal character- 
istics by Preterm-LBW, SGA-LBW, and BW>2,500 g groups. 
The percentage of women with at least one LBW infant was 
highest in blacks (17.9%), followed by Hispanics (13.2%), and 
whites (1 1.8%). At the NHANES visit, black or Hispanic women 
were younger, had higher mean BMI and waist circumferences, 
had more disadvantaged socioeconomic status profiles, and were 
more likely to have a family history of diabetes, compared with 
white women. Hispanics were less likely to be insured than whites 
or blacks. As for clinical characteristics, compared with whites, 
blacks had more anti-hypertensive medication use, whereas 
Hispanics had less anti-hypertensive medication use. 

Overall, black women had a higher prevalence of hypertension 
(44%) compared to white (36%) and Hispanic (24%)) women. 
Within each race/ethnicity group, women who had delivered a 
SGA-LBW or Preterm-LBW infant had higher prevalence of 
hypertension than the BW& 2,500 g group. Of note, black women 
who delivered infants with BWS2,500 g had a higher prevalence 
of hypertension compared to any group of white or Hispanic 
women (Figure 2). 

In the total study population, after adjustment for age, race, 
education, insurance, cigarette smoking, waist circumference, fiber 
intake, sodium intake, menopause status, the number of live births, 
family history of heart attack and diabetes, and years since last 
pregnancy, women with a prior Preterm-LBW delivery had higher 
odds of hypertension compared with women with a BW&2,500 g 
delivery (OR=1.39; 95% confidence interval [CI], 1.02-1.90, 
Table 2). A prior SGA-LBW was also associated increased the 
odds of hypertension, but the estimate did not reach statistical 
significance (OR, 1.21; 95% CI, 0.76-1.92). Assessment of 
interactions indicated that race/ethnicity, menopause status, and 
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White Black Hispanic 



Figure 2. Prevalence of hypertension in white, black, and Hispanic women. Overall, black women had higher prevalence of hypertension 
compared to white and Hispanic women. Within each race/ethnicity group, women who had a SGA-LBW or Preterm-LBW infant had higher 
prevalence of HTN than the BW>2,500 g group. It was of note that even black women with BW>2,500 g infant delivery had higher prevalence of 
hypertension compared to any group of white and Hispanic women. 
doi:1 0.1 371 /journal.pone.01 041 49.g002 



Table 2. Adjusted blood pressure and odds ratio of hypertension: National Health and Nutrition Examination Surveys 1999-2006 
(n = 6,307). 







Preterm (n = 565) 


SGA (n = 287) 


BW£2,500 g (n = 5,455) 


Mean±SE 


Mean±SE 


Mean±SE 


SBP (mmHg)^ 


132.6±0.8' 


133.3 ±1.5' 


130.3±0.6' 


DBP (mmHg) ^ 


69.9±0.7 


68.8 ±1.2 


69.5±0.5 




Odds ratio (95% CI) 


Odds ratio (95% CI) 




HTN* 


1.39 (1.02-1.90) 


1.21 (0.76-1.92) 


ref 



*p<0.05 for the test of overall difference in SBP or DBP between Preterm, SGA, and BW£2,500 g groups. 

'p<0.05 for the test of difference in the pairwise comparison of SBP or DBP between Preterm or SGA and BW>2,500 g. 

^Adjusted for age at interview, race, education, insurance, cigarette smoking, waist circumference, fiber intake, sodium intake, parity, years since 
last pregnancy, menopause status, family history of heart attack, family history of diabetes, and anti-hypertensive medication use. 
^Adjusted for age at interview, race, education, insurance, cigarette smoking, waist circumference, fiber intake, sodium intake, parity, years since 
last pregnancy, menopause status, family history of heart attack, and family history of diabetes. 

Abbreviation: SBP: systolic blood pressure; DBP: diastolic blood pressure; HTN: hypertension; SGA: small-for-gestational-age; BW: birthweight; SE: 
standard error; 95% CI: 95% confidence interval; ref: reference group. 

doi:l 0.1 371 /journal.pone.01 04149.t002 
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years since last pregnancy each significantly modified the 
association between pregnancy characteristics and maternal 
hypertension (p<0.05). Women with a prior Preterm-LBW infant 
had higher mean SBP compared to women with BW>2,500 g 
delivery (132.6 mmHg vs. 130.3 mmHg, p = 0.01), after adjusting 
for the confounding variables. Women with a prior SGA-LBW 
delivery also had significandy higher adjusted SBP than women 
with a BW>2,500 g delivery (133.3 mmHg vs. 130.3 mmHg, 
p = 0.04). There were no significant difference in DBP between the 
LBW subgroups and BW&2,500 g delivery group. None of the 
interactions tested were statistically significant in the linear 
regression models for SBP or DBP. 

The adjusted ORs of hypertension varied by race/ethnicity 
groups (Table 3). In black, compared to women with BW > 
2500 g, the odds of hypertension were marginally higher among 
those with Preterm-LBW (adjusted OR, 1.49; 9b% CI, 0.93-2.38; 
p-value = 0.10) and significantly higher among those with SGA- 
LBW (adjusted OR, 2.09; 95% CI, 1.12-3.90; p-value = 0.02) 
births. White and Hispanic women also had higher odds of 
hypertension after a Preterm-LBW (whites: adjusted OR, 1.39; 
95% CI, 0.92-2.10; Hispanics: adjusted OR; 1.22, 95% CI, 0.62- 
2.38) but the estimates did not reach statistical significance. There 
were no observed associations between hypertension and SGA- 
LBW deUvery among whites (adjusted OR, 1.11; 95% CI, 0.61- 
2.02) or Hispanics (adjusted OR, 0.86; 95% CI, 0.36-2.05). 
Additional adjustment for BMI at age 25 as a proxy for pre- 
pregnancy BMI did not change the results. 

The adjusted ORs of hypertension also varied by menopausal 
status and years since last pregnancy (Table 3). Associations in the 
pre-menopausal group were similar to what were found in the total 
population. In pre-menopausal group, increased odds of hyper- 
tension were observed among women after a preterm-LBW 
delivery (adjusted OR, 2.22; 95% CI: 1.32-3.72). A prior SGA- 
LBW was also associated with increased the odds of hypertension, 
but the estimate did not reach statistical significance (OR, 1.32; 
95% CI, 0.61-2.84). No significant differences in hypertension 
among preterm-LBW vs. BW >2500 g or among SGA-LBW vs. 
BW >2500 g were observed in post-menopausal group. The study 
population was also stratified by years since last pregnancy (<10 
years, 10-25 years, and >25 years) to understand if LBW delivery 
was temporally associated with maternal hypertension. Women 
with a shorter duration since last pregnancy (<10 years) had 
increased odds of hypertension after a prior Preterm-LBW 
(adjusted OR, 2.96; 95% CI: 1.28-6.88) or SGA-LBW (adjusted 
OR, 2.71; 95% CI: 0.90-8.14). No significant difierences in 
hypertension were observed among preterm-LBW vs. BW > 
2500 g or among SGA-LBW vs. BW >2500 g in die 10-25 years 
and above 25 years groups. 

Discussion 

To our knowledge, this is the first study to demonstrate race/ 
ethnicity-specific relationships between a LBW delivery and 
hypertension after pregnancy. Evidence from this United States 
representative population suggested that race/ethnicity modified 
the association between a previous LBW delivery and maternal 
hypertension, such that risk may be higher among black women. 
These findings were robust to adjustments for measured 
confounders, such as age, education, cigar(;tte smoking, waist 
circumference, sodium intake, family history of heart attack, and 
family history of diabetes. Secondly, this study also assessed the 
separate effects of PTB and SGA in order to distinguish the 
contributions of these two determinants of LBW. While the 
Preterm-LBW association with maternal hypertension was similar 



regardless of maternal race /ethnicity, the link with SGA-LBW 
appeared to be limited to black women. Thirdly, in general these 
associations appeared to be stronger among women with a shorter 
duration after last pregnancy (<10 years). The findings are 
consistent with the hypothesis that the link between LBW and later 
maternal CVD involves vascular dysfunction. This may be 
particularly important among black women, and these associations 
may be stronger in younger compared to older women. 

The positive association between Preterm-LBW and subsequent 
maternal hypertension is consistent with previous studies [18,30], 
The underlying mechanisms linking PTB and maternal increased 
odds of hypertension remain unclear. One potential mechanism 
may be inflammation. It is known that inflammation is causally 
related to spontaneous PTB, especially early PTB [12]. One study 
has indicated that many years after delivery, women with a prior 
preterm versus term birth had increased C-reactive protein (CRP) 
levels, a marker of acute and chronic inflammation [31]. 
Inflammation is also potentially implicated in the development 
of cardiovascular diseases [32]. It seems plausible that women with 
a pro-inflammatory status during pregnancy delivered preterm 
infants, and after delivery this pro-inflammatory status may persist 
and relate to arterial stiffness, subclinical cardiovascular diseases, 
and hypertension later in life. Alternatively, preeclampsia is 
associated with preterm delivery and later life maternal risk of 
hypertension and may explain the associations we detected. 
NHANES did not collect information on preeclampsia, however, 
adjustment for preeclampsia has not eliminated the significant 
association between PTB and maternal hypertension detected in a 
previc)us study [18]. Because obesity is a risk factor for 
prei;clampsia and accounts for about 20% of preeclampsia [33], 
BMI at age 25 was used as a proxy for pre-pregnancy BMI in the 
current analysis and results did not change suggesting that our 
findings may be independent of this potential confounder. In the 
race/ethnicity-specific analysis, the ORs of hypertension were 
similar across white, black, and Hispanic groups for women with a 
prior preterm-LBW delivery (ORs ranging from 1.22 to 1.49). 
This study detected borderline statistically significant increased 
odds of hypertension in white (adjusted OR, 1.39; 95% CI, 0.92- 
2.10) and black women (adjusted OR, 1.49; 95% CI, 0.93-2.38), 
but did not detect any difference in hypertension among Hispanic 
women. Unlike a previous study that reported a significandy 
higher risk of developing hypertension after a PTB in Danish 
women [18], the estimates in the current study did not reach 
statistical significance in white women. It may be due to the nature 
of the NHANES data collection. In the present study, PTBs 
delivered with BW above 2,500 g were categorized in the BW of 
&2,500 g group (reference group), which might dilute the effect. 
Another possible reason why the current study did not detect such 
effects was that this study had a smaller sample size of white 
women than the previous Danish study [18]. 

Growth restriction is positively associated with maternal 
cardio\ aseuIar morbidity and mortality [30]. During pregnancy, 
the maternal cardiovascular system undergoes hemodynamic 
changes to facilitate placental circulation in order to guarantee 
fetal oxygen and nutrition supply. Women at risk of CVD may 
have an impaired ability to adjust to this hemodynamic challenge 
and be at higher risk of placental dysfunction, the most common 
cause of intrauterine growth restriction and a common feature of 
preeclampsia. The race/ethnicity-specific analyses suggested that 
unlike the similar ORs of hypertension across three race/ethnicity 
groups found in women with a prior preterm-LBW delivery, white, 
black, and Hispanic women experienced different risks of 
hypertension after a SGA-LBW delivery. Black women with a 
prior SGA-LBW delivery were about twice as likely as women with 
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a prior BW > 2,500 g delivery to liave hypertension (adjusted OR, 
2.09; 95% CI, 1. 1 2-3.90). No differences in hypertension were 
detected for white or Hispanic women after a SGA-LBW delivery. 
Taken together, these findings suggest that vascular dysfunction 
may be of particular importance in the linkage between LBW and 
hypertension among black women. 

The associations of LBW with subsequent maternal hyperten- 
sion especially among pre-menopausal women or those with a 
shorter duration since last pregnancy suggested that divergent 
pathways may link LBW and subsequent maternal risk of 
hypertension among young/pre-menopausal women compared 
to older women. Over the last two decades, there have been 
significant changes in the characteristics of women of reproductive 
age in the United States. There is an increase in women delaying 
childbirth into their third or fourth decade of life and an increase 
in the prevalence of pre-pregnancy obesity. Thus, the more recent 
cohort of pregnant women may be at higher risk for both LBW 
and hypertension than the earlier cohorts. This may explain the 
more pronounced association between LBW and hypertension 
among the younger women in the current study. 

Hypertension has a well-estabhshed association with clinical 
cardiovascular disease. However, measures of resting BP assessed 
on a continuous scale can also be informative, because even within 
the normotensive range, increased resting BP is a major 
independent risk factor for future coronary heart disease. Women 
who delivered a Preterm-LBW or SGA-LBW infant had 
significandy higher SBP compared to women with a BWS 
2,500 g delivery. Race/ethnicity did not significantly modify the 
association between LBW delivery and SBP or DBP throughout 
the range of blood pressure. The cut-ofF values used in the 
hypertension definition to categorize hypertension as a dichoto- 
mous variable may partly explain why race/ethnicity was a 
significant effect modifier in the multiplicative model but not in the 
additive model. Sensitivity analyses conducted among the women 
who were not taking anti-hypertensive medication at interview 
showed minimal impact on estimates. Longitudinal studies have 
documented that c-ven modest decreases in the BP in the general 
population have the potential to substantially reduce morbidity 
and mortality or at least delay the onset of hypertension [10]. It 
has been estimated that a 2-3 mm Hg reduction of SBP in the 
population would result in a 6-9% overall reduction in mortality 
due to stroke and a 4— 6°X) rc'ductioii in mortality due to coronary 
heart disease [5] . Thus, the modest differences in SBP detected in 
the current study among women with LBW deliveries may 
contribute to excess CVD. 

Strengths and Limitations 

Findings of the current study must be considered in light of 
limitations. First, the pregnancy history data was self-reported and 
collected retrospectively. However, maternal recalled infant BW 
and gestational age are accurate and reliable when reported years 
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reports indicate increased risk of hypertension after pregnancy 
among women who delivered even moderately preterm infants 
[30], so this misclassification might bias the associations towards 
the null. Meanwhile, SGA infants who were born preterm were 
grouped into the Preterm-LBW group and these mothers may be 
more severely affected. In the study population, the number of 
participants in Preterm-LBW (n = 565) was about twice the 
number of participants in the SGA-LBW (n = 287), consistent 
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information before or during pregnancy, residual confounding 
might remain. BMI at age 25 was used as a proxy for pre- 
pregnancy BMI in the sensitivity analysis to address the Kmitation. 

The current study had major strengths. The population-based 
NHANES data facilitated the examination of race/ethnicity- 
specific maternal hypertension after LBW delivery in a United 
States representative population. Additionally, the combination of 
8-years of NHANES data provided a large sample size and the 
standardized examination in NHANES secures high precision of 
the outcome measurements. To overcome the potential underes- 
timates of hypertension by using self-report alone [35], the 
outcome measurements in this study included both clinical 
examination and self-report data. Moreover, this study controlled 
for several potential confounding variables (such as cigarette 
smoking, waist circumference and diet characteristics), which were 
not available in many previous large registry-based studies. 

Conclusions 

In summary, this study demonstrated that odds of hypertension 
were increased in women with a history of LBW delivery in a 
representative United States population. This association was 
particularly important for black women. Preterm or SGA delivery 
may identify women who could benefit from hypertension 
assessment and CVD prevention to reduce future morbidity and 
mortality, and this early marker may be of particular importance 
for black women. 
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